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1
CONTEMPORANEOUSLY
RECONSTRUCTING IMAGES CAPTURED OF
A SCENE ILLUMINATED WITH
UNSTRUCTURED AND STRUCTURED
ILLUMINATION SOURCES

CROSS REFERENCE TO RELATED
APPLICATIONS

The present patent application is related to commonly
owned and concurrently filed U.S. patent application Ser. No.
13/533,605 entitled: “Enabling Hybrid Video Capture Of A
Scene Illuminated With Unstructured And Structured Illumi-
nation Sources”, by Xu et al., which is incorporated herein in
its entirety by reference.

TECHNICAL FIELD

The present invention is directed to systems and methods
for reconstructing images captured of a scene being illumi-
nated with unstructured and structured illumination sources.

BACKGROUND

Simultaneous capture of 3D surface and 2D intensity infor-
mation of a scene can provide valuable information in many
applications. For example, a biometric system may rely on the
computation of traditional biometrics to achieve identity veri-
fication from 2D intensity images via iris and retina recogni-
tion while simultaneously performing 3D face recognition. In
another example, a video-based traffic enforcement system
may achieve automatic license plate recognition (ALPR)
from 2D intensity images and vehicle classification or speed
estimation from 3D surface data. In healthcare applications,
monitoring cardiac and respiratory events is of clinical impor-
tance in the early detection of potentially fatal conditions.
Current technologies involve contact sensors the individual
must wear constantly. Such a requirement can lead to patient
discomfort, dependency, loss of dignity, and further may fail
due to a variety of reasons including refusal to wear the
monitoring device. Elderly patients are even more likely to
suffer from the adverse effects of continued monitoring.
Unobtrusive, non-contact, imaging based methods are
increasingly needed for monitoring patients. One such sys-
tem uses a single channel camera under structured and
unstructured illuminations to capture video of a subject of
interest such that the system can monitor both the cardiac and
respiratory events. The system isolates pixels associated with
the subject’s vascular pathways within each frame from the
image frames comprising pixels with intensity values corre-
sponding to detected reflected energy projected by unstruc-
tured illumination source and estimates subject’s chest vol-
ume by reconstructing 3D depth map from the image frames
comprising pixels corresponding to detected reflected energy
projected by structured illumination source. This system
requires the simultaneous projection of structured and
unstructured light sources. However, artifacts due to the inter-
ference caused by the use of structured light patterns have
arisen. Such artifacts can adversely impact on the 3D surface
reconstruction and spatial feature extraction. For example,
FIG. 1 shows an image of a random structured light pattern
projected onto a subject’s hand. Pixels from the projected dot
pattern of the structured illumination source can alter the
extracted underlying vascular patterns even when interpo-
lated with values of surrounding pixels, especially when the
blood vessels therein are narrow or short and the projected dot
pattern has a relatively high density. This can negatively
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2

impact cardiac/respiratory data derived from information
associated with pixels of the subject’s blood vessels.

Accordingly, what is needed in this art are increasingly
sophisticated methods for reconstructing images captured of
a scene being illuminated with unstructured and structured
illumination sources.

INCORPORATED REFERENCES

The following U.S. patents, U.S. patent applications, and
Publications are incorporated herein in their entirety by ref-
erence.

“3D Imaging Using Structured Light For Accurate Vehicle
Occupancy Determination”, U.S. patent application Ser.
No. 13/476,334, by Mestha et al.

“Processing A Video For Vascular Pattern Detection And
Cardiac Function Analysis”, U.S. patent application Ser.
No. 13/483,992, by Mestha et al.

“Filtering Source Video Data Via Independent Component
Selection”, U.S. patent application Ser. No. 13/281,975, by
Mestha et al.

“Removing Environment Factors From Signals Generated
From Video Images Captured For Biomedical Measure-
ments”, U.S. patent application Ser. No. 13/401,207, by
Mestha et al.

“Blind Signal Separation: Statistical Principles”, Jean-Fran-
cois Cardoso, Proceedings of the IEEE, Vol. 9, No. 10, pp.
2009-2025, (October 1998).

“Independent Component Analysis: Algorithms And Applica-
tions”, Aapo Hyvérinen and Erkki Oja, Neural Networks,
13(4-5), pp. 411-430, (2000).

“Structured-Light 3D Surface Imaging: A Tutorial”, by Jason
Geng, Advances in Optics and Photonics Vol. 3, pp. 128-
160, (Mar. 31, 2011) Optical Society of America.

BRIEF SUMMARY

What is disclosed is a system and method for contempora-
neously reconstructing images captured of a scene being illu-
minated with unstructured and structured illumination
sources. In one embodiment, the system comprises a video
capture device for capturing video of a scene being actively
illuminated by both a structured and unstructured illumina-
tion source. A controller effectuates a manipulation of the
illumination sources during capture of the video. A processor
is configured to execute machine readable program instruc-
tions enabling the controller to manipulate the illumination
sources and captures at least one 2D image containing energy
reflected from a scene being illuminated by a structured illu-
mination source projecting patterns of light onto said scene
and at least one 2D image containing energy reflected from
the scene being illuminated by an unstructured illumination
source for effectuating the contemporaneous reconstruction
of'a 2D intensity map of the scene using the second 2D image
and of a 3D surface map of the scene using the first 2D image.
Note that these two images can be extracted from a single
acquired image. The reconstruction is effectuated by manipu-
lating the illumination sources. The contemporaneous recon-
struction is effectuated by having manipulated the illumina-
tion sources during capture of the first and second 2D images,
as disclosed herein in greater detail.

Many features and advantages of the above-described
method will become readily apparent from the following
detailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages of the
subject matter disclosed herein will be made apparent from
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the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 shows an image of a projected random structured
light pattern onto a subject’s hand;

FIG. 2 shows a networked structured illumination source
and a video camera for capturing a 2D image of scene con-
taining 3D object;

FIG. 3 shows the phase shift with three projection patterns
and an example fringe image;

FIG. 4 illustrates one example embodiment of a phase
unwrapping process;

FIG. 5 shows a system which utilizes an image sensor to
sense reflected light emitted by a patterned source projector in
accordance with one embodiment hereof;,

FIG. 6 illustrates an example scene illuminated with struc-
tured and unstructured light sources and a video capture
device actively acquiring a video of a region of interest of a
subject;

FIG. 7 is a flow diagram which illustrates one example
embodiment of the present method for contemporaneously
reconstructing images captured of a scene being illuminated
with unstructured and structured illumination sources; and

FIG. 8 illustrates a block diagram of one example special
purpose computer for implementing various aspects of the
present method as described with respect to the flow diagram
of FIG. 7.

DETAILED DESCRIPTION

What is disclosed is a system and method for contempora-
neously reconstructing images captured of a scene being illu-
minated with unstructured and structured illumination
sources.

NON-LIMITING DEFINITIONS

A “region of interest” refers to one or more regions or areas
of a subject of interest being video-taped using a video cap-
ture device. What defines a region of interest will largely
depend on the application wherein the teachings hereof find
their intended uses. For example, if the video is being cap-
tured of a subject to facilitate a determination of cardiac
function then the region of interest would be an area of the
subject’s exposed skin such as, for instance, an arm, chest,
neck, etc. A region of interest may be the entire image.

A “video capture device” is a device for acquiring a video.
In one embodiment, the video capture device is a single
channel device operating in a wavelength of interest such as
visible or near infrared. In another embodiment, a multi-
channel device operating in overlapping wavelength bands
with respect to the light sources being captured.

A “video”, as is generally understood, is a plurality of 2D
image frames captured over time. The video may also contain
other components such as, audio, time reference signals, and
the like.

“Unstructured illumination” refers to ambient light or an
external light source such as a light bulb.

“Structured illumination” is an illumination source which
projects light through a patterned grid or window.

“Manipulating the illumination sources™, as used herein,
refers to spatially temporally, and/or spectrally varying the
structured and unstructured illumination sources during cap-
ture of the video by the video capture device. In one embodi-
ment where the unstructured illumination source is an ambi-
ent light source, the manipulating comprises any of:
sequentially alternating a projection of the structured illumi-
nation source onto the scene during video capture; selectively
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4

choosing a region of interest in the scene, the region being
illuminated by the structured illumination source and by
ambient light, while the rest of the scene is being illuminated
by ambient light alone; and spectrally multiplexing the struc-
tured illumination source by making its wavelength range
narrower than the wavelength range of ambient light such that
reflected energy from both sources can be recovered via fil-
tering. In the embodiment where the unstructured illumina-
tion source is not an ambient light source, the manipulating
comprises any of: sequentially alternating a projection of the
structured and unstructured illumination sources such that
neither of the sources is projecting light concurrently; selec-
tively choosing a first and second region of interest in the
scene, the first region being illuminated by the structured
illumination source and the second region being illuminated
by the unstructured illumination source, such that neither of
the sources is concurrently projecting light onto a same
region; and spectrally multiplexing the illumination sources
by making the wavelength range of a first of the illumination
sources narrower than a wavelength range of a second of the
illumination sources such that reflected energy from both
sources can be recovered via filtering. An illumination source
can be varied spatially by, for instance, a device controller
moving that illumination source such that the source light is
projected onto certain regions in the scene from different
angles. An illumination source can be varied temporally by,
for instance, a device controller toggling the projection of the
source light on/off according to a schedule or a desired peri-
odicity. A controller can be configured to vary the intensity of
the source light that an illumination source projects.

A “2D intensity pixel map” is a map of a region of interest
composed of pixel intensity values obtained by the sensor of
the video capture device. In one embodiment; the 2D inten-
sity pixel map is a map of the subject’s vascular pattern
containing blood vessels which transport hemoglobin.
Triangulation-Based 3D Image Reconstruction

A “depth map” is a map containing depth values based
upon an analysis of the amount of distortion of a structured
light pattern reflected from surfaces in that region of the
image. Once the depth map has been generated, a volume can
be calculated. In FIG. 2, networked structured illumination
source 203 projects sinusoidal gratings 204 onto 3D object
205 and the reflection of the impinging sinusoidal gratings is
captured by camera system 202 as they reflect off the object.
The sinusoidal gratings have known spatial characteristics of
undistorted projected patterns. Camera system 202 is shown
having a communication element 206 for bi-directional com-
munication with a remote device, such as a workstation (not
shown) wherein the captured video is processed in accor-
dance with the teachings hereof. If the scene is a planar
surface without any 3D surface variation and oriented
approximately parallel to the camera sensor, the pattern
shown in the acquired image will be similar to that of the
projected structured-light pattern. However, when the surface
is non-planar, is not parallel to the camera sensor or contains
a 3D object, the shape of the object distorts the projected
structured light pattern. Such light distortions can be detected
by the video camera. The geometric relationship between
camera 202, structured illumination source 203, and point P
on the surface of 3D object 205 can be expressed in terms of
a triangulation as follows:

sin(6)
sin{a + 0)

®
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Accurate 3D image reconstruction can be based on a
phase-shifting or phase modulation technique which mea-
sures phases at different locations on the object’s surface and
computes depth information from these phases. F1G. 3 shows
the phase shift with three projection patterns, collectively at
301, projected onto the object surface, and an example fringe
image 302. Image reconstruction via phase shift is a well-
known method wherein intensities for each pixel (x,y) of the
three projected fringe patterns are described by the following
relationships:

L&) oy )+ aX,y)c0s(9(3,.7)-6), @

L&y + Lo, y)C0s(9(%.3)), 3

Q)

Where [, (x,y), L,(X,y) and I;(x,y) are the intensities of three
fringe patterns, I,(x,y) is the DC component (background),
1,,.4(X,y¥) is the modulation signal amplitude, ¢(x.,y) is the
phase, and 0 is the constant phase-shift angle. Phase unwrap-
ping is the process that converts the wrapped phase to an
absolute phase. The phase information ¢(x,y) can be retrieved
(i.e., unwrapped) from the intensities in the three fringe pat-
terns:

L&)y 404X,y )c0s(9(3.)+6),

®

¢ = arctan[\/?

1i(x, y) - h(x, y) ]
2L(x, y) = Li(x, y) = I(x, y)

The discontinuity of the arc tangent function at 27 can be
removed by adding or subtracting multiples of 27 on the
¢'(x,y) value (of FIG. 4):

PO y) = y)+2kn Q)

where k is an integer representing the projection period. Note
that unwrapping methods only provide a relative unwrapping
and do not solve for the absolute phase. The 3D (x,y,z) coor-
dinates can be calculated based on the difference between
measured phase ¢p(x,y) and the phase value from a reference
plane.

Reference is now being made to the system of FIG. 5 which
utilizes a video camera 502 to sense light 504 projected by
patterned illumination source projector 505 being reflected
(at 503) off point P of 3D object 506, i.c., a location in the
subject’s thoracic region. Depth values are calculated by a
geometry given by:

zZ d M
L-Z B
which reduces to:
Z=x £d ®
B

where L, B, d are defined by way of illustration in FIG. 5.
Stripe indexing can also be used to achieve 3D surface
reconstruction because the order in which the stripes are
observed is not necessarily the same as the order in which the
stripes are projected due to the inherent parallax existing in
triangulation-based 3D surface imaging systems and the pos-
sibility to have stripes missing from the acquired image due to
occlusion of 3D surface features. The collection of pixels
forms the image. Use of color for stripe indexing in the
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6

projection patterns helps alleviate the ambiguity problem
faced by phase-shift or multiple-stripe techniques using
monochromatic patterns. This type of system enables encod-
ing of multiple patterns into a single color projection image
with each pattern possessing a unique color value. In order to
reduce the decoding error rate, one can select a color set in
which each color has a maximum distance from any other
color in the set. The maximum number of colors is limited to
a distance between colors that generates a minimal crosstalk
in the acquired images. It should be appreciated that if the
target 3D object is static and the application does not impose
stringent constraints on the acquisition time, multiple-shot
(sequential) techniques can be used and may often result in
more reliable and accurate results. On the other hand, if the
target is moving, single-shot techniques are used to acquire a
snapshot 3D surface image of the 3D object at a particular
time instance. Single-shot techniques can be classified into
techniques using continuously varying structured-light pat-
terns, those using 1D encoding schemes (strip indexing), and
those using 2D encoding schemes (grid indexing). Each tech-
nique has its own advantages and disadvantages, depending
on the specific applications. Some techniques can be com-
bined. For further information on 3D imaging techniques, the
reader is respectfully directed to the above-incorporated ref-
erence entitled: “Structured-Light 3D Surface Imaging: A
Tutorial”, by Jason Geng.

Example Dual [llumination Source Configuration

Reference is now being made to FIG. 6 which illustrates an
example scene illuminated with structured and unstructured
light sources and a video capture device actively acquiring a
video of a subject 601 in a scene 600. A region of interest can
be identified by processing the video using, for example, any
of a variety of techniques including object identification,
pixel classification, material analysis, texture identification,
and/or pattern recognition. In one embodiment, video capture
device 610, illustrated by way of example, captures reflected
energy off chest area 603 emitted by structured illumination
source 611 and unstructured illumination source 612. Both
illumination sources can be manipulated such that their
respective light sources can be spectrally and/or temporally
varied in accordance with the teachings hereof. Hybrid device
610 is shown having a communication element 613 to effec-
tuate a bi-directional communication with a remote device,
such as a computer workstation or device controller. Control-
ler 614 effectuates a manipulation of structured illumination
source 611 in accordance herewith, and controller 615 effec-
tuates a manipulation of unstructured illumination source 612
in accordance herewith. Controllers 614 and 615 are in com-
munication via pathways not shown with various components
of the special purpose computer of FIG. 8.

Flow Diagram of One Embodiment

Reference is now being made to the flow diagram of FIG.
7 which illustrates one example embodiment of the present
method for contemporaneously reconstructing images cap-
tured of a scene being illuminated with unstructured and
structured illumination sources. Flow processing begins at
step 700 and immediately proceeds to step 702.

At step 702, capture a first 2D image containing energy
reflected from a scene being illuminated by a structured illu-
mination source. In various embodiments, the structured and
unstructured illumination sources have overlapping spectral
content within a wavelength band of interest.
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At step 704, capture a second 2D image containing energy
reflected from the scene being illuminated by an unstructured
illumination source. The structured and unstructured illumi-
nation sources can be visible, infrared, or a combination of
visible and infrared light sources.

At step 706, contemporaneously reconstruct a 2D intensity
map of the scene using the second 2D image and reconstruct
a 3D surface map of the scene using the first 2D image. The
contemporaneous reconstruction is effectuated by having
manipulated the illumination sources during capture of the
first and second 2D images. In the embodiment where the
unstructured illumination source is an ambient light source,
the manipulating comprises sequentially alternating a projec-
tion of the structured illumination source onto the scene dur-
ing video capture. In the embodiment where the unstructured
illumination source is not an ambient light source, the
manipulating comprises one of: (1) sequentially alternating a
projection of the structured and unstructured illumination
sources such that neither of the sources is projecting light
concurrently. The alternating sequence can be determined by
external events and/or a pre-selected sequence. External
events include any of: a state change exceeding a pre-deter-
mined threshold, and a motion exceeding a pre-determined
threshold. (2) Selectively choosing a first and second region
of interest in the scene, the first region being illuminated by
the structured illumination source and the second region
being illuminated by the unstructured illumination source,
such that neither of the sources is concurrently projecting
light onto a same region. The selectively choosing can be
determined by the specific signals that can be extracted from
each of the regions of interests. For example, the subject’s
face can be used to extract cardiac signals while the subject’s
thoracic region can be used to determine variations in chest
volume. Or, (3) spectrally multiplexing the illumination
sources by making the wavelength range of a first of the
illumination sources narrower than a wavelength range of a
second of the illumination sources such that reflected energy
from both sources can be recovered via filtering.

At step 708, communicate the reconstructed 2D intensity
map and the 3D surface map to a display device. Thereafter,
in this embodiment, further processing stops.

Example System for Manipulating [llumination
Sources

Reference is now being made to FIG. 8 which illustrates a
block diagram of one example special purpose computer for
implementing various aspects of the present method as
described with respect to the flow diagram of FIG. 7. Such a
special purpose processor is capable of executing machine
executable program instructions for causing the controllers,
614 and 615, of FIG. 6 to manipulate the structured and
unstructured illumination sources in accordance with the
teachings hereof, and may comprise any of a micro-proces-
sor, micro-controller, ASIC, electronic circuit, or any combi-
nation thereof.

In FIG. 8, communications bus 802 is in communication
with a central processing unit (CPU) 804 capable of executing
machine readable program instructions for performing any of
the calculations, comparisons, logical operations, and other
program instructions for performing any of the steps
described above with respect to the flow diagrams and illus-
trated embodiments hereof. Processor 804 is in communica-
tion with memory (ROM) 806 and memory (RAM) 808
which, collectively, constitute example storage devices. Such
memory may be used to store machine readable program
instructions and other program data and results to sufficient to
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carry out any of the functionality described herein. Disk con-
troller 810 interfaces with one or more storage devices 814
which may comprise external memory, zip drives, flash
memory, USB drives, or other devices such as CD-ROM drive
812 and floppy drive 816. Storage device stores machine
executable program instructions for executing the methods
hereof. Such storage devices may be used to implement a
database wherein various records are stored. Display inter-
face 818 effectuates the display of information on display 820
in various formats such as, for instance, audio, graphic, text,
and the like. Interface 824 effectuates a communication via
keyboard 826 and mouse 528, collectively a graphical user
interface. Such a graphical user interface is useful for auserto
enter information about any of the displayed information in
accordance with various embodiments hereof. Communica-
tion with external devices may occur using example commu-
nication port(s) 822. Shown is communication port(s) 822
being placed in communication with the camera system 613
of FIG. 6 and each of the controllers 614 and 615 to effectuate
amanipulation of the illumination sources 611 and 612. Such
ports may be placed in communication with such devices over
networks not shown such as, for example, the Internet or an
intranet, either by wired or wireless links. Example commu-
nication ports include modems, network cards such as an
Ethernet card, routers, a PCMCIA slot and card, USB ports,
and the like, capable of transferring data from one device to
another. Software and data is transferred via the communica-
tion ports in the form of signals which may be any of digital,
analog, electromagnetic, optical, infrared, or other signals
capable of being transmitted and/or received by the commu-
nications interface. Such signals may be implemented using,
for example, a wire, cable, fiber optic, phone line, cellular
link, RF, or other signal transmission means presently known
in the arts or which have been subsequently developed.

The teachings hereof can be implemented in hardware or
software using any known or later developed systems, struc-
tures, devices, and/or software by those skilled in the appli-
cable art without undue experimentation from the functional
description provided herein with a general knowledge of the
relevant arts. The teachings hereof may be partially or fully
implemented in software using object or object-oriented soft-
ware development environments that provide portable source
code that can be used on a variety of computer, workstation,
server, network, or other hardware platforms. One or more of
the capabilities hereof can be emulated in a virtual environ-
ment as provided by an operating system, specialized pro-
grams or leverage off-the-shelf computer graphics software
such as that in Windows, Java, or from a server or hardware
accelerator or other image processing devices.

One or more aspects of the methods described herein are
intended to be incorporated in an article of manufacture,
including one or more computer program products, having
computer usable or machine readable media. The article of
manufacture may be included on at least one storage device
readable by a machine architecture embodying executable
program instructions capable of performing the methodolo-
gies described herein. The article of manufacture may be
included as part of a computer system, an operating system, a
plug-in, or may be shipped, sold, leased, or otherwise pro-
vided separately either alone or as part of an add-on, update,
upgrade, or product suite.

It will be appreciated that various of the above-disclosed
and other features and functions, or alternatives thereof, may
be combined into other systems or applications. Various pres-
ently unforeseen or unanticipated alternatives, modifications,
variations, or improvements therein may become apparent
and/or subsequently made by those skilled in the art which are
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also intended to be encompassed by the following claims.
Accordingly, the embodiments set forth above are considered
to be illustrative and not limiting. Various changes to the
above-described embodiments may be made without depart-
ing from the spirit and scope of the invention. The teachings
of any printed publications including patents and patent
applications, are each separately hereby incorporated by ref-
erence in their entirety.

What is claimed is:

1. A method for contemporaneously reconstructing images
captured of a scene being illuminated with unstructured and
structured illumination sources having significantly overlap-
ping spectral characteristics, the method comprising:

capturing at least a first 2D image of a subject’s exposed

skin containing energy reflected from a scene being
illuminated by a structured illumination source project-
ing patterns of light onto said scene, said first 2D image
being acquired by a video camera that is sensitive to
electromagnetic radiation in a wavelength of said struc-
tured illumination;

capturing at least a second 2D image of said subject’s

exposed skin containing energy reflected from the scene
being illuminated by an unstructured illumination
source; and

contemporaneously reconstructing a 2D intensity map of

said scene using said second 2D image, said 2D intensity
map is a map of said subject’s vascular pattern contain-
ing blood vessels which transport hemoglobin, and
reconstructing a 3D surface map of said scene using said
first 2D image, said contemporaneous reconstruction
being effectuated by manipulating said illumination
sources during capture of said first and second 2D
images, said manipulating comprising:
sequentially alternating a projection of said structured
and unstructured illumination sources such that nei-
ther of said illumination sources is projecting light
onto a same region of said subject’s exposed skin in
said scene; and
selectively choosing a first and second region of interest
in said scene, said first region being illuminated by
said structured illumination source and said second
region being illuminated by said unstructured illumi-
nation source such that neither of said sources is con-
currently projecting light onto a same region.

2. The method of claim 1, wherein said first and second 2D
images comprise the same image.

3. The method of claim 1, said 2D image capturing a spatial
distortion introduced by a reflection of said projected pattern
off said scene, said 3D surface map being reconstructed from
a characterization of said spatial distortion.

4. The method of claim 3, wherein reconstructing said 3D
surface map comprises:

comparing spatial attributes of said spatial distortion to

known spatial attributes of undistorted projected pat-
terns such that said distortion can be characterized in
said image;

calculating a depth map from said characterized distortion

at different locations on said surface of said target
region; and

estimating a 3D volume from said depth map.

5. The method of claim 1, wherein said 2D intensity map of
said scene is a finite indexed 2D array with discrete locations
called pixels, each pixel having a value that is proportional to
a reflectivity of said scene object captured at said pixel loca-
tion in a wavelength of said unstructured illumination source.
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6. The method of claim 1, wherein said manipulating com-
prises:

spectrally multiplexing said illumination sources by mak-

ing a wavelength range of said structured illumination
source narrower than a wavelength range of said
unstructured illumination source such that reflected
energy from both illumination sources can be recovered
via filtering.

7. A system for contemporaneously reconstructing images
captured of a scene being illuminated with unstructured and
structured illumination sources having significantly overlap-
ping spectral characteristics, the system comprising:

a storage device; and

a processor in communication with a memory and said

storage device, said processor executing machine read-
able program instructions for performing:
receiving at least a first 2D image of a subject’s exposed
skin containing energy reflected from a scene being
illuminated by a structured illumination source pro-
jecting patterns of light onto said scene, said first 2D
image being acquired by a video camera that is sen-
sitive to electromagnetic radiation in a wavelength of
said structured illumination;
receiving at least a second 2D image of said subject’s
exposed skin containing energy reflected from the
scene being illuminated by an unstructured illumina-
tion source;
contemporaneously reconstructing a 2D intensity map
of said scene using said second 2D image, said 2D
intensity map is a map of said subject’s vascular pat-
tern containing blood vessels which transport hemo-
globin, and reconstructing a 3D surface map of said
scene using said first 2D image, said contemporane-
ous reconstruction being effectuated by manipulating
said illumination sources during capture of said first
and second 2D images, said manipulating compris-
ing:
sequentially alternating a projection of said structured
and unstructured illumination sources such that
neither of said illumination sources is projecting
light onto a same region of said scene; and
selectively choosing a first and second region of inter-
estin said scene, said first region being illuminated
by said structured illumination source and said sec-
ond region being illuminated by said unstructured
illumination source such that neither of said
sources is concurrently projecting light onto a same
region; and
communicating said contemporaneously reconstructed
2D intensity map and 3D surface map to said storage
device.

8. The system of claim 7, wherein said first and second 2D
images comprise the same image.

9. The system of claim 7, wherein said 2D image capturing
a spatial distortion introduced by a reflection of said projected
pattern off said scene, said 3D surface map being recon-
structed from a characterization of said spatial distortion.

10. The system of claim 9, wherein reconstructing said 3D
surface map comprises:

comparing spatial attributes of said spatial distortion to

known spatial attributes of undistorted projected pat-
terns such that said distortion can be characterized in
said image;

calculating a depth map from said characterized distortion

at different locations on said surface of said target
region; and

estimating a 3D volume from said depth map.
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11. The system of claim 7, wherein said 2D intensity map
of said scene is a finite indexed 2D array with discrete loca-
tions called pixels, each pixel having a value that is propor-
tional to a reflectivity of said scene object captured at said
pixel location in a wavelength of said unstructured illumina-
tion source.

12. The system of claim 7, wherein said manipulating
comprises:

spectrally multiplexing said illumination sources by mak-

ing a wavelength range of said structured illumination
source narrower than a wavelength range of said
unstructured illumination source such that reflected
energy from both illumination sources can be recovered
via filtering.

10

15

12



